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APPROACH 

STATUS 

STRESS \ND EFFICIENCY STUDIES IN EFG 

• DEVELOPMENT of INTEGRATED STRESS AND 
TXEPMAL MODELS FOR EFG GROWTH PRO- 
CESS IS COMPLETED 

CONTRACTOR 

- EFG TEST SYSTEM OPERATIVE. 

MOBIL SOUR ENERGY CORPORATION, 

• NEW CREEP DATA FOR STRESS 

CONTRACT NUMBER 956312 ^ 

ANALYSIS AVAILABLE. 

COALS 


B TO DEFINE MINIMUM STRESS CONFIGURA- 

• EB1C ANALYSIS IS UNDERWAY TO 

TION FOR SILICON SHEET GROWTH. 

OUANTIFY RELATIONSHIPS BETWEEN 
ELECTRICAL ACTIVITY AT DISLOCATIONS 

• TO QUANTIFY DISLOCATION ELECTRICAL 

AND BULK L h , 

ACTIVITY AND LIMITS ON CELL 


EFFICIENCY. 

| 

• LOW RESISTIVITY SHEET DEFECTS 
CHARACTERIZATION HAS BEEN STARTED. 

• TO STUDY BULK LIFETIME DEGRADATION 
DUE TO INCREASE IN DOPING LEVELS, 
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SILICON SHEET 


Work in Progress 


• Definition of minimum stress sheet growth configurations: 

- Mooeung of new EFG test system growth ano stress/defect 

CHARACTERIZATION OF RIBBON. 

- Evaluation of new creep data for predicting stress 

RELIEF. 

• EBiC CHARACTERIZATION OF DEFECTS: 

- Development of high resolution quantitative measurements 

OF LOCAL Lg VARIATIONS. 

- Room and low temperature comparison of dislocations. 

• Optical ano HREM study of defects in highly doped (< 1 
fl-CM) SHEET: 

- EFG RIBBON COMPARISON OF B. B Ga DOPING EFFECTS. 


Combined Thermal-Stress Analysis 


• Thermal analysis defines operating space for 6iven 

SYSTEM BOUNDARY CONDITIONS. 
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• Sheet temperature profiles arf. generated for growth 
conditions. 



• Sheet stress state is related to operating point.- 

FIND: 

- Stress level change with t. V s dependent on 

OPERATING POINT LOCATION. 
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SILICON SHEET 
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SILICON SHEET 




(A) Effect of dimensions of the capillary spacing and die flats 
and length of the viewing slot on the sheet thickness for new 
system at capillary spacing (It) of: (a) 0.0254 oa and (b) 

0.0662 cm. (B) Asymmetric environment temperature distribution. 
(C) Dependence of the sheet thickness on the static head for 
(a) symmetric and (b) asymmetric heat transfer surroundings. 
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SILICON SHEET 


EFG ribbon grown at 0. 8-0.9 cm/mi n: 
magnification dislocated region of Lu 
bands (thickness 0.23 mm); (b) low ma- 
tion dislocation-free regions of thin 
mm) anu thick (0.75 mm) ribbon. 
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SILICON SHEET 


New Creep Law Formulation 


• Silicon sheet responos as a plastic solid during 

STRESS TRANSIENTS TYPICAL OF EF6 SHEET GROWTH ABOVE 

1200°C. 

, '.IMITATIONS AT LOW STRESS (<. 5 MPA) ARE IMPOSED BY 
DISLOCATION/DEFECT DENSITIES; 

- Creep rate is reduced essentially to zero wiih Nq 
APPROACHING 1 X 10 7 /CM 1 2 . 

- Twin boundaries, impurities provide additional 
constraints. 

• At high stress levels (> 10 MPa) stress relief in EFG 

SHEET OCCURS BY LUDERS OR SHEAR BAND FORMATION. 
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1 . Primary Creep - Present Work 

0 <_ £" •_ 10* 2 . o < £ < 10‘ 3 s* 1 

Nq <_ 5 x 10 2 /cm 2 

2 • luders Bands (ftahajan et >),, Acta Met. 27(1979) 1165.) 
Observed for T <_ 1000°C 

3. Secondary Creep - Steady-State 

£ > 1 - lOt . Nq > 10 8 /cm Z 
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Comparison of Secondary and Primary 
Creep Laws for Silicon Above 1 200 °C 
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Stress Analysis 

• Incorporation of very high creep relaxation above 

1200°C: 


-da 0 DOWN TO SOME T Q < T M> 


• NEW THERMAL EXPANSION COEFFICIENT (Y. OKADA ANO Y. 
Tokumara. J. Appl. PHYS.. 56/ 314 (1984)): 

a- 3.725 X 10" 6 {l - EXPl-5.88 X 10* 3 (T - 124) ] J ♦ 
5.548 X 10* 10 T (K* 1 ). 
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SILICON SHEET 


New Creep Presentation 

oo, 0 Yy , 0 XX »o T m > T > T 0 
£ * (C/T) tEXP(-0/T)] o 5 T 0 > T > 300°K 

Model Cases 
t 0 - i?oo°c, icoo°c 

Width ■ 8 cm, 4 cm 
Growth Speed * 3 cm/m in 
High Creep Condition 
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• Develop methoos to quantify influence of dislocation 

ELECTRICAL ACTIVITY ON BULK LIFETIME WITH ROOM AND LOW 
TEMPERATURE E8IC. 


# Study effects of dislocation density, stress level and 

TEMPERATURE OF GENERATION OF DISLOCATIONS ON BULK 
LIFETIME. 










OmaiNAL PACik fS 
OF POOR QUALITY 



(b) 


rig. 12. (a) Room temperature, and (bj low tamperature EBIC 

of same region for stressed carbon-rich CZ. 
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SILICON SHEET 


Low temperature EBIC micrographs of (*.) center and 
(b) edge of stre sed carbon-doped CZ wafer. 
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SILICON SHEET 


Low Resistivity Studies 


• Power output of silicon solar cells maximized below i 

ft" CM» BUT SEVERE DEGRADATION OF l s(; , V Q(; OCCURS IN 
MORE DEFECTED SILICON BELOW 1 fi-CM. 


• BORON- IMPURITY-DEFECT INTERACTIONS LEADING TO DEFECTS 
RESPONSIBLE FOR DEGRADATION HAVE NOT BEEN STUDIED. 


• Purpose is to characterize low resistivity material 

DEFECT STRUCTURE AND ATTEMPT TO RELATE IT TO 
DEGRADATION. 



Resistivity, O-cm 


EFFICIENCY AS A FUNCTION OF RESISTIVITY IN EFfi MATERIAL, B-DOPING, GROWTH “ROM 
FUSED SILICA AND GRAPHITE CRUCIBLES. AMBIENT EFFECTS WITH GRAPH I TF CRUCIBLE 
GROWTH ARE NOTED IN THE FIGURE. 



SILICON SHEET 


Problems and Concerns 

• Residual stress measurements neeo to be related to 

GROWTH VARIABLES. 

• Dislocation electrical activity dependence on: 

- Temperature at which they were formed. 

- Carbon, oxygen impurity availability. 

- CELL PROCESSING VARIABLES. 

• LOW RESISTIVITY DEGRADATION MECHANISMS IN MORE HIGHLY 
DEFECTED SILICON MUST BE AVOIDED. 

Future Work 

• Analysis to oefine minimum stress configurations-. 

- Study effects of new creep law and predictions for EFG test 

SYSTEM. 

- Temperature field characterization. 

- Residual stress-defect evaluation of ribbon (U. of Illinois). 

• Room and low temperature EBIC correlation of dislocation 

STRUCTURE AND ELECTRICAL ACTIVITY WITH BULK L^. 
t CHARACTERIZE LOW RESISTIVITY SILICON MATERIAL: 

- Dislocation structure with varying levels of doping. (B. 8-Ga). 

- HREM (Cornell) study of microoefects. 
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